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SUMMARY 

A Remote Interaction system, to ZLGglXlelAt manned epace t ravel ,  

is proposed, It w o d d  comprise  efficient remote extenoions of man ' r  

irri]x,rtant eenrory  and motor  functions. For example,  a te levioton 

r e!motc! -eye" eys tsm meeting the rensory requirements of t h o  eye 

t _ -  

I t  

to the same extent that high-fidelity binaural sound r y e t a n s  can meet 

the senoory requi rements  of the ear .  It m a y  be pormiblc to m a k e  there 

eysitems by  carefully a u l y z i n g  the s e n r o r y  and motor mechanisms of 

the body, and designing each extension to be ae closely matched 1.0 

pcicruible to the corresponding human syetem. Remote extensions of man"r 
principal tienyes and motor  functions would allow him to Interact with 

an en\ i ronment  remote f rom h i e  body - -  for example the moon or  

planats - -  almout a8 well a s  i f  he wtre phycically present  at the remote  

location. The range of 1. fully effective system would probably be 
l imited by t ransmiar ion  delay6 to about 10, 000 mi les .  This  would be 

( ~ d f i c i e n t  to allow Remote Interaction from earth to ea r th  orbit ,  o r  from 

rpace!craft i n  lunar orbi t  to the lunar ~ u r f a c e ,  or f rom planetary 

orb i t  to a planet surface. 

Interaction system,\  in relation to o u r  p rogram of rpacc exploration . 
a n d  exploitation, rnight jus t i fy  the rrubsuntial effort that would ba 
re idured to develop t h i e  eystem. 

The advantage13 of an effective:Ramota 
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A signiiicant portLon oi o'Jr space program is devoted to 
manr'ed operations.  A .m3re or l e e s  defined $ e t  of goals for space 

exploration and exploitation 1 ~ a . s  been f o r m u l a t e d ,  and rnanned operationo 

a r e  a pa r t  of the program that wi l l  lead to the  attainment of thetJo 

goa.16. 

.It rnus t  be r e c o g n i z e d  that there  a r e  two distinct clause5 of 

spa.ce goals.  'The  f i rvt  involves political and emotional coneiderations 

ass,ocia':ed with the intensely h,ct?ian asyecte  of manned f l igh t .  A 

crude example - 0  'getting to the moon ahead  of the R u s s i a n r ' .  The 

eecond is the e x e c ~ ~ t i o n  of f a i r l y  specific tasks euch a s  the operation of 

an orbii.al space station, and the exploration of the moon and planets. 

Fa i lu re  t3 s e p a r a t e  o u t  Uietje  t.Mo quite different kinds of objectives can 

lead to canfadion, and p o s s i b l y  to the adoption of pragrame that a r e  not 

the optimLim method of attairiiiig the space 4 ~ a 1 '  we have sat  before 

our  s el v c? Y . 
T h i s  a r t i c l e  is devoted solely t:, conbideration of tho means  

available i o r  the real izat ion of thc  secolid c la s s  of space goale - -  
esseritially the e.,:pioration and practical  axFloitation of new environm@nte, 

Tho e t in i ina t lon  of the f i rs t  s e t  of goals iu not, in any  way,  to be 
regarded as implied c r i t i r c i s n i .  These goals a r e  important  - -  similar 

coneiderations have been absoclated with most  of rnian'e g rea t  en te rp r i se s  

th.roUghOUt h i s to ry  - -  but they a r e  outside th:. context of the a rguments  
to be daveioped here .  

R63riOT E INTERACTION -- 
M a n ' e  normal  interaction with  h i e  environment p ~ s y  be regarded ais 

a closed loop information exchange procerrs, as i l luatrated in F igu re  1. 
Man absorbs  information f rom the environment via h i s  s c n r e s ,  proceoear  

it, and then - -  according to h ie  preconceived goals or will 0 -  exer t8  an 

effect 011 the environment by meane of his motor capabilities. Thia affect 

may be by hand, foot, epeech, facial expression,  etc. Essentially the 
I_-- 

' e f fect '  i e  a r e tu rn  to the environment of information from the man. 

- 1 -  



The to-and-fro information flux can te recognizes kitlAlr). the body 

i tself  where the loop 18 c lorcd by t he  brain - -  which :a f u n c t i o r a l i y  

connectad to the outside world so le ly  b) data l inks .  

The analogy between m a n ’ s  interaction with  hlo environment and 

a typrcal f eedback  control eyatsm (as i l luatrol ted In Figure  21 hair been 

recog,dzed for Borne, tlme. The three basic elements of a r c h  vyrthtm are:  ’ (1) information aanrfng devices.  

(2 )  m o b r  devices.  
(3)  central  data p r o c e s s i n g  ryhttdI’rA. 

In the layout desfgn of inanunrte feedback c o n t r o l  oyr tc lmr ,  / the caritrail data proccsrrng debice !P located w h e r e v e r  is most convanlent, 

lf there  are special d i f facdt i e s  a r a o c i a t e d  wi th  its locrtion close to the 

cnvironrnt!nt which i s  being  controlled, i t  m a y  be located rwnotely,  and 
conncctcd to the sensirid a n d  motor devices by informrtlon transmiemion 

l i n e  B .  

k f r l a l O g O U S l y ,  r i ian  m a y  wieh  to interact  with a remote environment 

when there  are special  difflcilltiae reeociated w:th hie  actual physical 

locatmn at the environment.  He  may do so by mail ,  o r  by telephone, 

(both p t e n h a l l y  mfornmtion exchange  FroceHaer) o r  even by a combination 

of te levieion and remote manipulator/, 

TWO very important 1rmitativnr of mos t  rarnote sontrol a r r a n g e m e n t 8  

a r e  aoted: ( i )  The remote  eanrory and motor devicca a r e  very inefficient, 

or  a r e  
For exaniple, talavlslon i a  very inadequate as a remote extension of t h e  

visurd eanse. Le86 than I / 2 %  of the totat r c t l m l  surface i o  activated 

by Ithe image of a 500 l lnc talevlrion picture,  indar normal  viuwrng 

condrtlona. ( 2 }  In m o r t  r e m o t e  control bituat1ons an extra  control loop 
is iavolvc:dt The m a n  1s in contact wth both h i s  local environmer-t, and 

the i:cmotc environment. 

coupled very inefficiently to rnan’e aensory aod motor organs. 

The r e e d t  of the first limitation IC) that the effective data r a t e  
between the mnn and the remote  environment 18 i nev i t ab ly  leas than in the 

c a r e  of the imrn la I  intexsction of a man w ~ t h  his e n v i r u n m a a t .  With 

telwision, far example, only a very  small fraction of the datn caprclty 

of tlke visual scasoi-y channel t:, the btaxn !e uoed to convey inforrri%tbD 

frossi the remota environment. 
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The uccond limitation means that the brain doee not operate 
i n  ita normal mode in  re la  ion to the remote environment. When 

tho central  data processing unit in an i n a n h a t e  feedback control 

syetern 18 located remotely the form of the loop is not changed. 

The cointrol unit receives  data only from the remote seneor  and 
cain actuate only the remote motor device. Thus, for such 
irtrrnimaito control eyr temr ,  remote operation can be made virtually 

lnc!lt$tinguishable from non-remote-operatron. h the ConventAonal 

hI.unan remote control arrangament ,  on the other b a d ,  the brain 
receivels data 00th f rom the remote and local cavtronmentr, and 
generates motor activity directly only in the local environment. 
Thus quite a p a r t  from any limitation thai m a y  cxiet i n  the date links, 
tho  brain cannot operate  in relation to the remote environment, ar  

i t  w o d d  w e r e  the man actually located in that environmant, 

111 ordinary ramota control ryrtems, therefore, rnan doer not 
have a t rue  "remote pi~escnce" cayability because he is mainly in 

contact with  hfr local environment. 

19 is the purpose of this a r t i c l e  to drawn attention to the theoreticid 
and pract ical  significance of the concept of Remoto h t e r r c t i o n  - 0  a 

system that m a y  allow a man to function in a remoto environment with- 

out actually being there. 

TliEO€tETICAL SIGNIFICANCE OF REMOTE INTERACTION 
--_I 

An ideal Remote h t e rac t ion  syetem it3 defined 18 8 ryotsm ita 

which zero delay, dis tor t ionlerr  information l inks (including senior8 and 
t ronrduccr r )  a r e  provided for a11 of the human sen#ory and motor  

contacfs between 8 rnan and B remote environment. The arrangement 
of the sen io r8  and t ranrducorr  a t  the remote location would be in 
replica. of the human form. 

L- ective experience of the' remote environment identical to that of aormal 
alct-thc-rpot contact d t h  the environment. Furthermore, hi8 ability to 
peirfori.n any task in the remote environment would bo judged, objectively, 

8 E i  being identical to hir normal on-the-rpot functional capability. It n a y  be 

A m a n  using euch a ryr tem would, by dofinition, suffer 8 s u b -  
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noted that in Re-mote Interaction, both t he  l i n i t a t ions  of conventional 

erncite oiperrrtions, discussed ea r l i e r ,  are absent.  b 

L 

Y 

The purpose of going to the moan OT planets is no? the locate the 

hu .ia.n body a t  these places  but to place a himian into n o r m i l  contact with 

these! environments. At present  thir  can only be done by t rave l ,  Thuo apace 

r' 
t r ave l  ha.3 become synonomous w i t h  o m  space goale. Remote Interaction, 

by vi.rtuc of i t s  definition, is a completely equivalent a l ternat ive to t rave l  

and ior this reason  is, a t  least ,  of theoretical  significance. T rave l  meana 
relocation of the body, and thur of the sensory  and motor  crgans. Providdsd 

that 8distortionless extensions of the sensee and motor  organs arc avi i lable ,  

the total effect of body relocation can be obtained without t ranrportat ion 

of fhe human body. 

PRACTICAL SIGNIFICANCE OF REMOTE INTERACTION --- 
An ideal Remote Interaction sys tem is c lear ly  impract ical .  It 

might a l s o  be thought that the beat possible pract ical  approach  to i t  would 

bo a very  expensive oyetem, very  difficult to mike, tha{ would be 80 

inferi.ot to the theoretical  ideal ae to be of little value. 

This  m a y  not be so however. In the first place,  very little 

rer iouo engineering effort  has been devoted to the tachnological problem. 

of providing efficient remote extensions of the human sene05 and motor  organs.  
High fidelity sound probably represent8  the only well developed eense (hear ing)  

and nnotor (speech)  remote  extension ryrstem. It is suggested that there 

a re  no insuperable problems involved in making efficient cxtemrions of most 
of the other important  ~ e n e e ~  and motor organa. The data r a t e r  of the 

senaes  aplpear to be within the state-of-the-art .  Likewirc the important 

motor eystama of tho body involve only a r t la t ive ly  small number of pivot 

p i n t a  and degreeo of f reedom. 

Remote Interaction ry r t em might  well prove to bo a m a j o r  undertaking, theirs 

does not appear  to be any fundamental phyoical limitation involved that 

could make i t  impossible. The approach to be followed, in developing the 

various sensory and motor extensions, would certainly involve an  engineering 

analyiiia of the correrponding human a y e t e m ~ ,  in o r d e r  that  high coupling 
efficisncy be attained. A s  will be descr ibed l a t e r ,  probably the 

Althodgh construction of an adequate 
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most  difficult sensory extensbo,:: vystem to convtruct -- remote vitaion 0 -  

bcomee,  at least  potentially feasible w?rn the eystem ntructure of the 

h m u n  vjaual mschsni#m ir understood. 

Siocondy, the magnitude of the development program needed to 
conntruct a Remote Interaction eystem r n ~ t  be judged in relation to the 
r ice  of the total space program. 
inferrible to many people only a few yeara ago. 

now being puruscd, of transporting a m a n  to the remote location and 
briaging him back again, itself require8 a FTQdigou6 technological effort, 
Should i t  be poasiblc, therefore, to use Remote Interaction tc augment 

manned operations, deve\opmcnt of a Remote Interaction system might well 
prove to be economic. 

Any mathod of space cxphrrtioa rtemed 

The conventional method 

Thirdly, the limitations of a practical Remote Interaction system - -  
which must necesrarily be inferior to the idealized conceptual eyrtern - -  
rhould bo Judged against the very real limitations of direct, manned 

exploration. 
the moon or planets in  the s a m e  acnae that our ancestors axploretd the 
jungler of Africa or the polar regionr. He will alwaya have to wear a 
rpace ruit of 6ome form and tho full range of his aenrory and motor 

capabilit iau can, tharefore, never be brought into natural contact with all 
thoat) axtraterreatial environmeatr. Remote Interaction could actually 

prove to be a more  'natural' way of exploring certain alhea cnvirorunantr, 

riacci the aearory rnd motor organa m a y  thereby bo brought into contact 

with the csnvironmont more effectively than would be possible directly 
through a cumberromo lifc-*upporting apace suit. Theto aro s o m a  

environmentr in which m a n  may never be able to locate b!r b d y  no 
mattetr how well protected he may be. 

The practical riunificanca of the concept of Remote Interaction i s ,  

therefore, that construction of a pr8ctird Remote htarrction ryrtarn -- 
although a. major wdsrkkiag - -  appcare to be technfcalfy faadble; the very 
8~ecCml difficulties rad inherent limitationr of manned expioration of 
extra tsrreatial environmeotr buggert ale0 that it might be worthwhtla, 

It must be recognized that  man will never be obAe to explore 

- 
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A s  3 firnt ntey, toward. practical implameatation cf tha  roncrpt 

the cnrorall requirornontr of the renrory aod motor l h k ~  aird tranrducerr 
n u y  be BaUrminacl for a Remote krteractton systarn adequtct either 

(1) lo perform m vary a r r o w  range ot tarke, 8.g. kr ilea a Wren&, 
or (k) to p6rfciX'm 8 rrage of h a k r ,  e,g.  to arrernhlcs, a 8,pce stadotl, 

or ( 3 )  to provide 8 wide range of human rkfllr sad eeasary capabilftior 
a s  might be required to explore sad exploit an unkniown rnvironmemt 
ouch ma the Mrrtfrla rurface. 

Prom the ripccificrtionr of the necoorary trrnrmtarion lfnkr a d  

transducers, an ertimate can be mado sf the practical fearibflity of thio 

&pprc18ch, .Tho atlvantcger and diradvant8ges of Remote Interaction in 
ternir of iunctioad porformonce rad costE can be balanced agrrirrt the 

corr oopooding advmrrhgec and disadv8ntagae of the conventoond method of 
phyrically ttanuprting an astronaut into the rsrnota anvironmemt. 

ILL USTRA TIV E SYSTEM 
---c--c- 

The phyuic rS implementation of the Remote Inter action concept 
coddl be a remotdy controlled Robot, fitted with rbnrory detectorr 

cori:crsponcIing: to a11 the principal eenrc~o -.' a.g. V ~ O ~ O U ,  hearing, finger 
touch, etc. ,  but utcludfng the rnyrtad t a x h  and pain renaorti nli over 
the body tirrt, while  ecsentirl for the xnrtnt8nrncs of the  body, &re not 
re8::ly involved & any rigniiica.nt extent in man'r intorretion d t h  hir eaviron- 
metrl:. The Robot renrory detectors w o d d  he coupled to the A I ~ P O Q I  of 
tho man controlliag it, 
sl lhe Robot's environment. H e  would see nothing of his own local 
environment - 0  a remote virurrl capability far better thra ordinary TV 
i o  parhrhtrrd, The murcular action of the mau, by hand, arm, finger, etc. 

would be I.r,onftored and mads fo comxnrnd identical Robot limb motion. 

A4 the man movod hir ann and fingaro, he umuld f e d  hi8 - own a m  move 
(kinwthstic aeartr) but it would ba the Robot limbs that ha would I see 

movlng &nd they would appear to fall witkiln hir field of view j u o t  where 
ha rrotlld expect kr see hi8 own l h b r  9 * 6 ~ e  his  eyer free to monitor tha 

local eavixoument. If the Robot'r Band should come into contact with M 

Thus the man w a d d  have a "Robot'e-eye-view" 
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sbfoet in the Robt 'a  environment, the rnnn would experience a saarrthn 
of touch G-hich would coxrelato well both with his visua! tteunc. showing the 

Robot'r hrru.d touching the object, and also hi. kinrathetic ranre of hand 

ponjAion, 

be duplicrrtsd. 
englneered into the human ryrtsrn; the hmmn dit* processing qcd control 

rnochaniain ( i .e .  the brain) w o d d  be operlttiag inits  norin-1 mode, The 
man would - 0  to a largo extent - -  be in effective contact with the renote 
environment through the body of the remotely lucaitcd Robot: 
fosli himself to be "in" the remote environment. 

In this WRY a large fraction of the rignrficrlnt rcs~aory cue8 would 
The number, form, and kind of dnta inputs would be 

he would 

' h e  various subsyrtems of this Robot system are considered bolow: 

t 

Sene os 

Viaion 
Vfeion will  geoerally be the 

the prseent context - -  becauee i t  

rcnrory channel capacity into +he 
The inadequacy of ordinary 

most important seme 
re?rcrontrr the lar~gert 

brain. 

telcvieion .e a remote 

- -  in 
plingle 

ax t en I ion 
of the virual aen~be ie  evident both phyeiologically and by practicat 
expsrisaca. Only 1/3% of the tetiml surface ie  covered by a S O 0  

line tslevirion picture under normal viewing conditione. 
most of the 10 optic nerve f i b r a  that link the rotior to the brain 
are not used. The extrema impairment of general virual 
capability imposed by the narrow field of an ordinary TV ryetern 

can be raadfly appreciated by artificially coartrlcbing the field of 
the eye from the normal value af about 186' to tho same r i m  16 a 

TV screen at normal viewing dietance - -  i . 0 .  about 3'. 

fouad that functional performance in carrying out M-Y everyday 

b o k a  i e  then vary advereely affected. 

Thur 
b 

It will  be 

In spite of the apparent inadequacy of television, the actual 

6 
data flux is high. Thue in domzs t ic  television, spproxhatcly 
7 x 10 rbro~vrb~e picture element6 Cre dirplayed per second. 



The actual data r a t e  to the b r a i n  f rom the retina mua t  also 

be of t h i v  orde r ,  s i n c e  there a r e  on!y about lo6 optic nerve 

fiberti and the reaction t h e  of the e y e  i a  between 1/10 and 

l / l o o  second. Thus i t  appears  that the inadequacy of tolevirion 

is not due to a limited data flux capacity, but ra ther  to the fact 
that the tc:levision picture is not rr.atched to the retina. 

of uniforrri quality (in reeolvable eIernar,ta pe r  unit  area) where-  

as the perceptive capability of the retina i s  very non-udform, 
The use of ordinary television as a remote  viewing device 

in a Robot system appears  to represent  an extremely poor man/ 

machine interface design. 

It i r  

A television system for the Robot should be constructed in 

which the television image - itself is stabilized on  the retina, 

independent of eye motion, with the optical axir of the camera  
slaved to the angular ' s t t i tude  of the v iewer 's  eye. 

the image of the remote scene wotlld - not be stabilized, but would 

move over  the retinal eurface io  just  the same way a e  if the 
eye were observing the remote scene directly. 

image stabilized on the retina however, 

bo tailorad to the sensory requirements  of each par t  of the 

retina - -  t h u s  allowing a much grea te r  a r e a  of the re t ina to be 

covered without unduly increasing the total data flux through the 

t elevir  ion s y a t em. 

In this way 

W i t h  the televirion 

the video data flux c o d d  

A television system of t h i o  type would r equ i r e  m e a r u r e m e n t  
of the  direction of pointing of the eye of the viewer, 

this information to control both the  projection of the monitor image 
into tho eye and the angular attitude of the camera axir. 
m4mt.d tmchniquor a r o  d r o a d y  8v8ihble  for moaruring eye motion and COL. 

be deveioped into a suitable oporatiorul form. 

wi th  use of 

, 

&pori- 

The optical axie of the remote  television camera  would move 

l ike a rr9mote eyeball, conrtaotly flicking over  the viewed rcena i n  

reaponre: to the motion of the vicwcr 'e eye. T ran rmi r r ion  de l ry r  
betweon the man and the Robot would probably l imi t  the range of 
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this system to about 10, 000 miles. 
be a del8y aif about 1/10 second between r i  movement of the eye 

At this range there would 

and a correrpoading movement in the received picelre.  

It is recognized that not enough it; known of the nsture  of 
peripheral  vision to enable the m o s t  cfficieiit match possible to be 
made between the retina and the television system. &waver, 

enough is blown to enable A considerable improvement to be made 

over present  t e l ev i~ ion  aystems. Research,  to find more exact 

qualitative and quantitative dascriptiono of peripheral  viuion, would 

undoubtedly be an important par t  of a program to fully develop 
this form of remote viewing. 

Touch 
From the point of view of providing remote rnsnual dexterity, 

sense of finger touch would be an irnportrnt par t  of the Robot 

8y8tCm. 

The remote Robot would be fitted with 8 nlunber of touch 

eensoro on i ta f ingers,  and these wo*dd be linked to corresponding 

touch s t imulators  fitted to the fingers of the man controlling the 

Robot. It is eet imited that a fairly omall number of touch senoors, 
less than 100, would provide 811 adcquate remote sense of touch 
for both hsrnde. 
Balance 

To wme extent this could be a "sabconseious" closed loop 

within the Robot itself. This woilld tend to mitigate stability 

problem8 ar is ing from the 1/10 second round t r ip  communication8 
delay a t  the 10,000 mile maximum range. 

sanae would contribute balance cues. lacr t ia l  s en~sor s  could bo included 
to monitor angular ratae ae necesrrary. 

The remote visual 

Hearing 
This might bo ureful for ctytain applications and would 

obviourly be a very eaay sense to instrument. 

Motor Func tione 

Arm, Hand and Finger Motion 
The m a n  controlling the Robot would be fitted with Esnring 

devices to monitor tne poeition of his arms, hand and fingers.  



. .  

Thesa signals would be transmitted to the Robot and !:sed to 

command identical Robot limb motion. 

Fc e t Motion - - 
As rrbove, to the extent demanded by the actual a y s t u n  

design. ]?or many applications i t  might be preferable for the 

Robot to move on wheels rather than on feet. In this case 

the m a n  might operate foot pedals which would control the 

motion of the Robot vehicle directly. 

Speech 
ThiEi could easily be incorporated ai necessary. 

The conetruction of a Gystam of the type deecribed above 
would obviously be a major undertaking, involving considerable 

development. However, even for one of the mos t  difficult 

rubsystems - -  remote vieion - -  L5e essential basis for a feasible 
aolution exists.  The optic nerve data ra tee  seem to be comparable 

with video s tatc -of - the -ai t .  

- APPLICA TIONEi 

A s  datailiad in Table I a wide range of useful space  application8 

is postulated for t h i s  Robot syrtcm. Additionally such a system would 

have a number of very useful non-space applications, e.g. exploring 

the ocean floor, control of dangerous operatione, etc. 

CQNCL WSION 
-_ec 

Allowing a man to interact  with various ext ra tc r rea t ia l  environments 
is  an h p o r t a n t  p a r t  of our  space program. 

phLyeically transporting the man into the remote environment. 

method is proposed, in  which remote extensions would be provided for 

This can be done now only by 
An add i t foa l  

the important sensory and motor organs through which man normally interact$ 
w:Lth hi6 environment. The extensions would be engineered to match the 

hiunan rys t tm,  and would be arranged in semblaace of the human form. In 

t h i s  way the mian would receive a range of seaoory CUCH 0 -  including feedback 
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from hi8  ~ w n  motor actions in the rcmutc! cmvironment - -  approximating 
clorsly to the senrations he would axparier,;:e were he ac:cally in tJ-.a 

remote environment. It i o  suggo8t.d thr,t r1t:lough development of such 
8 eyrtern would br, a major rradertaking, i t  appearr to be feasible, 
and might be economic, since it would r e d ~ c r ,  (in soma c a s e s  dirnjnate) 

the need for life isupport ryetems.  return capability and the clfra-high 
reliability that murt be built into eyeterno carrying hunsen life. 
once such a syetcm was developed, i t  would undoubtedly find numertru8 

nan-npace applica tiono. 

Additionally, 
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